ABSTRACT
it with a parabolic well.
The aim of this work is to find the full average intensity of channeling radiation, which can be done for any given potential.
Our approach does not give the spectrum of emitted radiation (which can be found only for the equivalent harmonic oscillator), but it allows one to find the position of the spectral maximum. On the other-hand, y should not be too large compared to the distance dp between planes, since for y dp > 1 or z> dp Ca If I I (z = y/Ca), the electron moves through many different planes rather than being channeled in the vicinity of only one plane. For such a motion, instead of the simple form for the potential (2.1), one should consider the periodicity of the crystal planes with y. [( tz jr/c = a < a = P 2U(zp) -E E C 11 1 , (2.3) where E =2U (0) is the barrier energy for the potential (2.1), C e is the energy of the particle, and z =d P P I Ca. Figure 1 represents the potential -U/ACa as a function of z and also shows one possible energy level in the well.
THE CONTINUUM POTENTIAL FOR POSITRONS
To find the potential for positrons we use Lindhard's potential (2.1) for electrons and the fact that it is decreasing quite rapidly with increasing distance from a plane of ions. Therefore, the average potential for positrons in the vicinity of the middle plane is simply the sum of the potentials produced by the two nearest ion planes.
Here y is the distance from the middle plane: -dp/2< y< dp/2. All other parameters are the same as in (2.1) except that A is now positive to provide the repulsive force on the positron.
Let us now introduce a new variable x = 2y d / P , 1x1 < 1 (3.2) and a parameter b = 2Ca/dp < 1. Figure 2 represents an example of U,(x) for b2= 0.0552 (solid curve).
For small x (x<<l) Ub(x) can be expanded into the series:
For comparison, the function U,(x) for the same value of b2 is also plotted in Fig 
INTENSITY OF RADIATION
The expression for the instantaneous radiation intensity of an ultra-relativistic particle in a transverse electric Field E isI :
where y = e/mc2. The field E should be taken on the (classical) trajectory of the particle and hence, in general, we need the solution -of the equation of motion in the y direction dP J$ = eE(y) (4.2) P,=AjT, eE (y> = au(y) /ay 2 However, we are interested in the intensity averaged over the period T of the particle oscillations
First, for electrons we use potential (2.1) in equation (4.2).
Let us now change integration over time to integration over y.
Then we get: The value ym in the above expressions is the maximum excursion of the particle from the equilibrium point. Its magnitude depends upon the initial value of y. and yb of the particle. Combining Eqs. (4.4) and (4.6), we geti
where z, = YmlCa 3
As was pointed out above,the region z, c 1 has little physical impact and all considerations should start from the value z, = 1.
The period T can also be expressed in the form of: Here xm is the maximum excursion of the trapped positron from the middle plane in units of the half distance between planes dp/2, (3.2).
The function Pb (x,xm) is defined by:
For small xm we get:
The denominator in formula For small xm, T is independent of xm:
( the radiation is gathered from the entire trajectory of the particle.
In this case, the spectral maximum occurs at the frequency: 
DISCIJSSION AND NUMERICAL EXAMPLE FOR POSITRONS
The dependence of Fb on xm suggests an interesting conclusion:
the intensity of the channeling radiation for positrons grows very rapidly with xm; this means that the main part of the radiation is produced by positrons with large angles in the plane of the channel.
One must remember, of course, that this angle should not exceed the limit at which the energy of oscillations will be greater than the barrier energy of the potential; or, in other words, the maximum excursion x m of the particle from the middle plane should be less than 1. This conclusion is the exact opposite of the one for electrons where the main part of the radiation comes from electrons with small amplitudes.
Such features of the radiation once again stress the fact that the calculations of the intensity of radiation in the parabolic approximations are too rough and can underestimate the effect.
Let us again take the example of a crystal with parameters: A= 2.13x lo4 MeV/cm, dp= 3.57x 10'8cm, Ca= 0.42x 10D8cm; then b= 0.235 and IO= 1.5x 1013 y2 MeV/sec. Then it is easy to find the corresponding values of Fb(xm) and Tb km) . Table II gives the function xm = fl(y,a) for different values of y and a and for b2 =0.0552. As an example, we assume the normal distribution with the dispersion o and beam axis parallel to the crystal plane. Let the normalized probability for the particle to have an angle a be:
(2lT)% e-a2/20zda (8.1) Now the intensity of radiation of the beam is the sum of the intensities I of individual particles with angles a weighted by the probabilities of having these angles:
Here am is the maximum angle for which a particle is still channeled between the crystal planes. We carry out our calculation further for the case of positrons; the case of electrons can be treated in the same manner. It is more convenient to change the integration variable from CL to x m' Then, using (8.1), one gets: (8.3) The upperlimit of integration X should be taken equal to l-b, (8.5) 1 -xm J(l-xm)2+b2 I (8.6) Figure 7 shows the dependence of $, (5) 
